The enzyme, β-glucosidase (β-Glu; EC 3.2.1.21), is a commercially important enzyme. First, β-Glu enzyme and specific activity were screened in total of 54 strains. In these strains, β-Glu-specific enzyme activity was assessed varying from 0.250 to 3.000 U/mg. Next, β-Glu enzyme belonging to the strains (Lactobacillus rhamnosus EA1 and Lactobacillus casei SC1) that exhibited high β-Glu-specific enzyme activity optimization were done. In these strains, optimum pH was 7.5, optimum temperature was 30°C, and optimum buffer was potassium phosphate. Then, the strains that displayed high β-Glu-specific enzyme activity were decided to hydrolyze the isoflavone glucosides using high-pressure liquid chromatography. Finally, following the partial purification of β-Glu enzyme, its molecular weight was detected to be approximately 78 K. Ultimately, in the present study, β-Glu enzyme acquired from L. casei SC1 strain became prominent because its activity was higher. It did not lose its activity under different environmental conditions and demonstrated high hydrolyzing the isoflavone.
Introduction
Lactobacilli are Gram-positive, catalase-negative bacilli belonging to the lactic-acid bacteria (LAB) group. The probiotic potential of lactobacilli has been extensively investigated. The term "probiotic" refers to "live microbial supplements that colonize the gut and possibly exert health benefit to the host." [1] Moreover, the lactobacilli, probiotic bacteria are Bifidobacterium [2] and dairy propionibacteria. [3] Phytochemicals, a type of isoflavones, are an essential group of phytoestrogens. Isoflavones are diphenolic secondary metabolites of leguminous plants, particularly in soybeans. [4, 5] They are structural homology to human estrogen hormone and have been informed in health benefits, including cancer, menopausal symptoms, cardiovascular diseases, and osteoporosis. [6] There are two groups of isoflavones: aglycones and glycosides forms. [7, 8] The biological effects of isoflavone are not because of the glycosides form (genistin, daidzin) but in place of this are predominantly from their aglycones, such as daidzein and genistein. [9] β-Glucosidase (β-Glu), β-glycoside bond breaking, produced by the lactobacilli, bifidobacteria, and dairy propionibacteria, is cell-associated. The enzyme can be used to convert glucosides isoflavones to bioactive aglycones. [10, 11] The objective of this work was to identify β-Glu enzyme activities of Lactobacillus, Bifidobacterium, and Propionibacterium by using p-nitro0phenyl β-D-glucopyranoside (pNPG) as substrate. Optimization studies were applied to find out whether there is an impact of the pH, temperature, and buffer. Enzyme stability in gastric and intestinal juices was established. Whether the isoflavone can hydrolyze glycoside (daidzein, genistein) form to aglycone forms in strains with high enzyme activity by using high-performance liquid chromatography (HPLC) was found out.
Materials and methods
Assay of β-Glu activity β-Glu activity was assigned at 24 h of incubation in de Man, Rogosa and Sharpe (MRS). The β-Glu activity was detected by measuring the rate of hydrolysis of p-nitrophenyl β-D-glucopyranoside (pNPG). The amount of p-nitrophenol released was measured using a spectrophotometer (Hithachi) at 420 nm. One unit of the enzyme activity was designated as the amount of β-Glu that released 1 nmol of p-nitrophenol from the substrate pNPG per milliliter per min under assay conditions. The specific activity (U/mg) is expressed as units of activity per milligram of protein. The protein concentration was designated with Bradford Reagent (Amresco). The enzymatic activity was decided in the supernatant of the cultures for extracellular β-Glu activity and in the cell-free extract for intracellular β-Glu activity. [12] β-Glu enzyme optimization Lactobacillus rhamnosus EA1 and Lactobacillus casei SC1 strains were selected from the 54 strains according to their highest specific activity. Optimum pH was found through experimenting with various pH values (pH 4, 5, 6, and 7) to determine the maximum specific activity. To find out the optimum temperature, β-Glu activity assays were designated at pH 7.5 for 30 min at the temperatures of 37°C, 40°C, 50°C, and 60°C. To identify the influence of possible buffer, the activities of the β-Glu from EA1 and SC1 were assayed in the presence of 0.5 M potassium phosphate, 0.5 M sodium phosphate, and 0.5 M sodium citrate at pH 7.5. [13] Simulating gastric and intestinal digestion
In vitro conditions for simulating gastric and intestinal digestion were performed. The reaction mixture was incubated with 3 g/L pepsin (Sigma, 1:10000 ICN) (pH 2, 3, 4, and 7) for 30 min at 30°C defined as the gastric phase. The reaction mixture was incubated with 1 g/L pancreatin (Sigma, P-1500 USP), 0.30% bile salt (pH 5.5, 6.5, 7.5, and 8.0) for 30 min at 30°C, described as the intestinal phase. The specific activity was designated. [13] Hydrolysis of isoflavone glucosides L. casei SC1 and L. rhamnosus EA1 strains that designated the highest β-Glu specific enzyme activity were inoculated at 2% (v/v) in MRS medium and incubated for 24 h at 37°C. Culture broth, 0.2 mL, was added to 1.8 mL 0.5 M potassium phosphate buffer, pH 7.5 containing 100 μg genistin or daidzin. The mixture was held at 45°C for 30 min and then boiled for 10 min. The composition of isoflavones was analyzed by HPLC. [10] Partial purification of β-Glu
The β-Glu enzyme owned SC1 strain that hydrolyzed a high rate at the isoflavone glycosides was used in the partial purification process. For partial purification purposes, all procedures were made at 4°C. The ammonium sulfate precipitation, dialyzed, and concentration procedures between the purification steps were done. [13, 14] The enzyme was dialyzed using dialysis bag (Sigma, 0.4 in.) against 0.5 M potassium phosphate (pH 7.5) buffer. [15] The dialysis buffer was exchanged and dialysis proceeded two nights at 4°C. The sample was concentrated with Amicon filtration system. All fractions were analyzed for β-Glu activity and protein content.
Electrophoresis
Protein separation was done by sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE). Electrophoresis was carried out in 4% stacking and 10% separating gels as defined by Laemmli. [16] The gels were stained with 0.1% Coomassie Blue R-250 (Sigma-Aldrich, Germany) in a fixative (40% methanol, 10% acetic acid), and the excess colorant was removed using fixative without Coomassie Blue. The molecular weight marker for the SDS-PAGE was the Pierce Blue Prestained Protein Molecular Weight Marker Mix (Thermo Scientific).
Data analysis
The assessment tests were run in triplicate and averaged. The means, standard errors, and standard deviations were calculated from replicates within the experiments, and analyses were made using Microsoft Excel XP 2010. To find the difference in β-Glu-specific activity during different temperature, pH and buffer means were analyzed using one-way analysis of variance (ANOVA) and 95% confidence levels. ANOVA data with a p < 0.05 was classified as statistically significant.
Results and discussion
The isoflavones genistin and daidzin are the inactive forms of isoflavones. However, aglycones (genistein and daidzein), which are sugar-free component of a glycoside molecule, are the biologically active forms. Only a small amount of the total isoflavones yet exists in the aglycone forms in nature. β-Glu has been asserted to be the enzyme that is able to hydrolyze isoflavone glycosides to aglycones. [17] Although there is one study about hydrolyze of isoflavones glycosides to aglycones by lactobacilli, [10] our study is one of the first studies about the comparison, optimization, and partial purification of the β-Glu enzyme from different strains that have the ability of hydrolyze and the high enzyme activity.
β-Glu activity
In the present study, 54 Lactobacillus, Bifidobacterium, and Propionibacterium cultures were screened for β-Glu activity. These cultures exhibiting enzymatic activity had a yellow color during the reaction due to the release of p-nitrophenol from the substrate pNPG. The activity was defined in the cell-free extract and was not detected in culture supernatant. The cultures used in this study show different levels of β-Glu-specific activities, which ranged from 0.250 to 3.000 U/mg. L. casei SC1 and L. rhamnosus EA1 explained the highest specific activity. Generally, Propionibacterium strains had lower enzyme and specific activity than the other Lactobacillus and Bifidobacterium strains (data not shown). It is known that this enzymatic activity depends on the strain, growth medium, and culture conditions; moreover, the enzyme plays a key role in the bioconversion of isoflavones. These results are similar to those indicated previously for lactobacilli, including Marazza [18] and Choi. [10] Marazza [18] informed that the ability to produce β-Glu was assessed in 63 strains of Lactobacillus. The maximum activity was acquired with L. rhamnosus CRL981 (22.93 UE/mg) at pH 6.4 and 42°C. Choi [10] observed higher β-Glu activity of Lactobacillus delbrueckii KCTC 1047 (0.3 Unit) compared with Lactobacillus bulgaricus KCTC 3188, L. casei KCTC 3109, L. delbrueckii KCTC 1058, and L. lactis KCTC 2181. Generally, several studies explained that lactobacilli and bifidobacteria are able to produce the enzyme β-Glu, [5, 19] but most of these were carried out in soymilk and not in MRS medium. Therefore, the behavior of the microorganisms as well as the production of the enzyme could depend, to some extent, on the culture medium employed. Tsangalis [20] declared that Bifidobacterium longum-b presented a highest β-Glu activity when it was grown in MRS-glu (4.625 U/mg).
β-Glu enzyme optimization
The activity of enzymes is influenced by diverse environmental factors (temperature, pH, buffer) that can strongly affect the specific tridimensional structure of the protein. [21] For β-Glu enzyme belonging to L. casei SC1 and L. rhamnosus EA1 strains that showed high β-Glu-specific activity, the effects of pH, temperature, and buffer were assessed. The influence of the pH on specific activities at SC1 and EA1 strains is display in Table 1 . At pH 7.5, which were found to be the optimum pH level for SC1 and EA1 strains, the enzyme had specific activities of 2.750 and 2.100 U/ mg, respectively. Marazza [18] found that the optimum pH level for L. rhamnosus CRL981 strains was at 6.4. Our results indicate similar pH levels for β-Glu enzymes to those of other studies.
Temperature influence on specific enzyme activity was established between 30°C and 60°C ( Table 1 ). The increase in β-Glu activity between 30°C and 60°C, between pH 4.0 and pH 7.5 and different buffer was significant (p < 0.05) for L. casei SC1 and L. rhamnosus EA1 strains. Marazza [18] indicated that for β-Glu enzyme belonging to L. casei ATCC 393, optimum temperature was 35°C. In L. casei SC1 and L. rhamnosus EA1 strains, β-Glu enzyme functions are the highest at potassium phosphate buffer. It has been informed that for β-Glu enzyme optimum buffer was sodium phosphate buffer (supported our findings) [22] and citrate buffer. [23] The present study demonstrated significantly higher specific activity of β-Glu enzyme when the medium was acidic and temperature was 30°C. These data show that this enzyme may use industrial processes.
Simulating gastric and intestinal digestion
This is one of the first studies on β-Glu activity in artificial gastric and intestinal fluids from lactobacilli. The bacteria had the ability to survive in simulating stomach and intestine conditions by exhibiting a high β-Glu activity. It was intended to bring an alternative perspective to their probiotic properties in terms of their ability to tolerate the acid environment of the stomach and the bile in the intestine. β-Glu activity in artificial gastric and intestinal fluids was examined. The highest and the lowest β-Glu-specific activities occurred at pH levels of 4.0 (2.200 U/mg) and 2.0 (1.060 U/mg), respectively, in the simulated gastric phase (Table 2) in L. casei SC1. In L. rhamnosus EA1, we designated that in the simulated gastric phase the highest and the lowest β-Glu-specific activities occurred at pH levels of 4.0 (1.250 U/mg) and 2.0 (0.880 U/mg), respectively ( Table 2) . On the other hand, in the simulated intestinal phase, the highest and the lowest β-Gluspecific activities were reported to take place at pH 8.0 (1.170 U/mg) and 5.5 (0.660 U/mg), respectively (Table 2 ), in L. casei SC1. In L. rhamnosus EA1, the highest and the lowest β-Gluspecific activities were designated to take place at pH 8.0 (0.730 U/mg) and 5.5 (0.560 U/mg), respectively ( Table 2) .
Hydrolysis of isoflavone glucosides
Several researches have shown that changes of isoflavones content in soymilk fermented with various LAB and bifidobacteria and their capacities to hydrolyze isoflavone glucosides to corresponding aglycones are analyzed. [19, 22, 23] The strains that exhibited high β-Glu-specific enzyme activity with a capacity to hydrolyze isoflavone glucosides to corresponding aglycones were examined. In our study, both strains hydrolyzed the isoflavone glucosides (Table 3) . Using HPLC, L. casei SC1 hydrolyzed 56% of genistin (Fig. 1a) and 74% of daidzin (Fig. 1b) , while L. rhamnosus EA1 hydrolyzed 56% of genistin (Fig. 1c) and 60% of daidzin (Fig. 1d) . In another study, Choi [10] studied the ability of bacteria to hydrolyze the isoflavone glucosides after the isoflavone glycoside addition to the medium. Choi [10] investigated the hydrolysis of genistin and daidzin at 50 μg/mL by lactic acid bacteria cultured in MRS medium for 24 h at 37°C. It has been indicated that L. delbrueckii subsp. delbrueckii KCTC 1047 hydrolyzed genistin and daidzin completely, while other strains hydrolyzed 70-80% of genistin into genistein and 25-40% of daidzin into daidzein. Table 1 . The effects of pH, temperature, and buffer on the β-glycosidase enzyme and specific activity in L. casei SC1 strain and L. rhamnosus EA1 strain. Partial purification of β-Glu A 1.292-fold purification from the crude extract was achieved by the purification scheme developed for β-Glu enzyme obtained from L. casei SC1 strain that exhibited high hydrolyzed isoflavone (Table 4) . β-Glu enzyme obtained from L. casei SC1 had a final specific activity of 10.667 U/mg. The SDS-PAGE gel revealed that a single protein species is produced by SDS-PAGE of partial purified. The stained band corresponded to approximately 78 K (Fig. 2 ). An 80 K band was indicated in L. brevis SK3 strain by Michlmayr [24] and 55 K band in L. plantarum CECT 748T strain by Acebron.
[25]
Conclusion
This study investigated the ability of β-Glu belonging to lactobacilli strains that the source of the enzyme is abundant to biotransform isoflavone glycosides to aglycones. In order to achieve bioconversion of isoflavone glucosides, which is extracellular, enzyme β-Glu has to be released from the cell into soymilk. Thus, effective transformation of isoflavone glucosides to aglycones could be restricted by cell membrane permeability. The enzyme obtained in this study can be used directly in industrial applications. The strain that high enzyme activity and ability hydrolyzed the isoflavone glucosides, foods could be used as the starter and probiotic cultures.
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